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HydroxyalkyI Starch DruP Carner

BACKGROUND OF THF INVENTION

Th» mvention relates ,o compositions and a method for adminis-enng biologically active substances to an anima, in a controlled release
iormulat.on. More particularly, the invention relates to a polymericearner tor such biologically active substances which has a low order oftoxicity and long term persistence in the body.

Various methods for administering drugs in controlled release
formulates, e.g. sustained release or delayed release, have been proposed.A concept which has been of general interest in the Held involves

.

—r«.on of drugs as derivatives of a polymeric compound. The drug-
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' " drUS-P°,ymer^^ *
tab e ,n the b,oiog,cal system. ,„ ,he Jatler types of drug_poJvme

'

rcom t o dmg remajns actjye ^ ^ pojymer
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tage
°
f admini"eri^ *» « polymer combina-

tions ,s that the activity o, the drug can be controlled over a prolonged
period of time, which is often not possible if the drug is administered in a

ZZ !k ?
S Pr°,0nEati0n

°' ™"»y - ^ drug is dependent on,among ther lactor5> ^ ^ ^ ^
Another advantage of administering drugs in such a manner is that thetoxic,ty of tbe drug js often„ certajn drug5) notaWy

^^je
peutic agents used ,or treatment of certain neoplastic diseases, are quiteox )C and lh d to reduce their toxjdty ^ ^
are very des.rable. This reduction in toxicity can be a result ofd_ , tne effectjve concenUation ef ^ ^ ^
t me F

" aCtiVh>
' ^ ,hal

°CCUrS 3 l^ P"iod ofme Frequently, such drugs are metabolized or excreted very rapidly;
hereiore, to obtain a desired level of activity, the physician musdm^ster relatively large dose, By utilizing a drug-polymer combination

the rate of metabolism or excretion of the drug may be reduced, thus
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lowering the actual dose requirements. Another reason that the toxicity

may be lower is that a drug which might otherwise undergo undesirable

reactions in the body, such as precipitation, complex formation, reaction or

degradation, will be prevented or inhibited from such reactions as a result

oi the poJymer-drug combination.

Specific polymers which have been employed as drug carriers are

dextran, which is a polysaccharide obtained by the lermentation of sucrose,

and various synthetic polymers such as vinyl polymers, polyacryiates and
poJyamides. Examples of drug-polymer complexes employing dextran are

disclosed by Herb, 3. R., U.S. Patent 2,885,393, May 5, 1959 and London,
E., et al., U.S. Patent Re. 24,642, April 28, 1959. Polymer drug complexes
are described generally in an article published in Chemical Week . April 26,

J 978, page 45. The following United Slates patents also describe combina-
tions between polymers and various active components:

3,608,063 3,998,974
3,629,392 '

4,003,990
3,966,902 4,035,479
3,998,620

To be useful as a drug carrier, a polymer must be capable of

forming a bond or complex with the drug. This capability is dependent on
the reactive bonding sites on the drug, and also on the bonding ability of
the polymer. In the case of a polymer-drug combination in which the drug
is released from the polymer in vivo, the drug and polymer should be
connected by a Jabile bond. In the case of a combination in which the drug
remains on the polymer in vivo, the drug-polymer bond must be reJatively

stable and must not appreciably interfere with the drug activity. The
poJymer must itself also be substantially non-toxic. Advantageously, the
polymer can be modified so that the rate of release of the drug component
or its ip vivo activity can be accurately controlled. A disadvantage of

several of the polymers which have been investigated for this purpose is

.that they persist in the body. .That is, after the drug groups have been
released, the polymers are not easily excreted or metabolized to harmless
components. Such polymers may, therefore, act as cumulative poisons in

the body and defeat their desired function.

Generally, with some exceptions, the use of polymeric drug
carriers has heretofore been limited to iormulations Jor oral or topical

administration. The toxic effects and the degree of Jong term persistence
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Accordingly, there is a need for a dr. ,o

be e«ilv ™a<- ^ 8 Jer P°Jymer which car.ot easily modified to control thp raie
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SUMMARY OF THE INVEN'TIHM

cally active compound and hydroxyalkyl starch.
E

^^^CRJPjjQj^F TH£ 1N,VENT
The preferred polymeric drue carrier m ,k- •

hydroxyalkyl starch which can be pLZ ir>Vem,0n
" 3

.
prepared Jn accordance with th*teachings of Hershenson, H., et ah, U.S. Patent 3 523 9» a . ,

incorporated herein by reference TheT f 1 ^ ' ^
k j

rejerence. The preferred polymeric material i«hydroxyethyl starch which is prepared bv -th P
-
f

«Mene oxide to a pr^TO^fl1^^7^the etherified starch to a desired viscosity
" hydr°,y2in8

The Hershenson patent discloses the use of hydroxyalkyj starch as

particularly su,ted for that purpose is that the compound has a high shortterm persistence in the body, but has a very Jow L tern,
Thus afiP r th„ .

S term Persistence."?us, alter the polymer has served its function •

metabolized or excreted from ,h, h a
" Substantia,J

-V

build up.
^ b0d>

'' reSUhin8 in Ji» le
' " any, toxic

hvdro

Pr0Pert>
' °' i0°E Ln^ ^so enableshydroxyalkyl starch to be advantageously used as a drug carrier Aft the*m or biologically active compound has been released^ the bo ".

or the
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efiect thereof has been realized, the polymer is substantially metabolized

or excreted. Side effects resulting from the use of the drug carrier are

thereby minimized.

The period of prolongation of the activity of the active com-
ponent is somewhat dependent on the degree of persistence of the polymer.

This degree of persistence can, in turn, be controlled by varying the JeveJ

of substitution of the polymer as described by Hershenson, et ah, supra.

The greater the degree of substitution, the slower wiJI be the rate of starch

hydrolysis in vivo. If the active component is effective while bound to the

polymer or to polymer subunits, higher degrees of substitution will prolong

such effectiveness by increasing the degree of persistence of the polymer.

If shorter action is desired, the degree of substitution can be reduced,

resulting in more rapid hydrolysis of the. polymer and thus more rapid

release of the active component. If the active compound is bound to the

polymer by a Jabile bond, the rate of release of such compound into a body
fiuid is dependent both upon the JeveJ of substitution of the polymeric
carrier and upon the strength of the Jabile bond in vivo .

The preferred level of substitution for the hydroxyalkyj starch

will vary, depending upon the particular active component for which the

polymer is a carrier, the rate of release or prolongation of activity which is

desired, upon the manner of administration. The JeveJ will generally fall in

the range of from about O.J to 3 lor oral administration and from O.J to J

for parenteral administration. The preferred range of the JeveJ of

substitution is from about J to 3 for oraJ administration and from about 0.4

to 0.8 for parenteral administration.

It should be recognized that the hydrolysis of hydroxyaJkyJ starch

is accompJished in the body JargeJy by enzyme action, e.g. by the action of

amylase. Thus, the degree of persistence of the polymer is increased as

substituent groups thereon are added. As indicated, the JeveJ of substitu-

tion with hydroxyethyl groups may advantageousJy be used to control the

degree of persistence, but substitution with the bioJogically active

component can also affect the susceptability of the polymer to enzyme
action, and thus determine the degree of persistence. In an extreme case,

the JeveJ of substitution of the poJymer may be very Jow, approaching zero,

but because of the presence of active compound on the poJymer, the degree
of persistence is in the desired .range. Because of the effect of the active
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compound !ub„ iluen, on the ,evt| „ ^^ ^

shouM be de,erm,„ed. based „ lhe degfee of perslsience
jndjviduaJ case.

Th, molecular weigh, of the hydroxy, s ,arcn also af(ecu ,„
persistence ,„ ,he b„dy and ,he availab„ity rf ^
mo.ecu.ar weigh, ceo be controlled bv regu,a ^ ^ ^
c;r '7h

?
y Hershens°

'•• f-~-

—

.r.t.on ,he molecu,., weigh, „, ,he polymer „ advam b
,ooo a„d 50o,ooo, prefwaWy be)wem |o ooo ^ «

p J
irr are usua,,y cmp,°yeo - °r" - »*-nd generally range ,rom ahou, , 0,000 ,„ abou, 2

,000 ,000 „„„ afe
ably ,n a ,a„ge of from about 200,000 lo 450,000.

in accordance wi.h the presen, invention, i, has bae„ discovered

sustained release or delayer) release A. ... a
8'

release sh.ll •
, . v

^'<Nn
'
,he ,e™ controlledplease shall melon, rhe actua, release o, she active conspounr. inso shebody over a period „, lime

, and sha„ ^ '

olongJJ*
boon,, to ,he polymeric carrier or fraction thereo,. Such biologic,,,,^ components can be combine, with the po|ym„ or J£*
compJexation or other means.

'

PluralityMhTT S,"^Ch
•

"e,,>e
'

SUbS,i""ed »*—-*K bos aPluralrty of hydroxy, group, which provi<fc^
oomoounds. Such bonding „ „ llmjttd

,^ „ rMctioJ™
bydroxy, gr„up, Thls bondi„E ca„ ^ a^ Mta

carboxy ,c acrd functional group, i, can react directly or indirectly with abydroxy, group on the bydroxyal.y, s,arch „ lorm an ^ ^
release the acve compound. In addition to heing reacted directly with ,„ePoymer the .cive compound can he hound ,o she polymer Lo
oenyative. For example, ,„e ,„„o,.ing schemes may he employe.!, where Rts an appropriately »|ec,ed derivatizing agent:
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Scheme 1

PoJymer * R > PoJymer - R

Drug 4 R 1

> Drug - R 1

Polymer - R 4 Drug . R 1

^ PoJymer - R - r' - Drug

Scheme II

Polymer 4 R } Polymer - R
Polymer - R 4 Drug ^ Polymer - R - Drug

Scheme III

Drug 4 R y Drug - R

Drug - R 4 Polymer ——> Drug - R . Polymer

In each of the above schemes, the derivatizing agents are
carefully selected so that the drug or an active drug derivative will be
released in vivo, or the activity of the drug will be maintained while it is

bound to the polymer. A fourth scheme involves the. reaction of a drug
precursor (Drug

p
) with a derivative, followed by reaction with the hydroxy-

alkyi starch polymer. Upon reaction in vivo, the active drug is released.
This scheme is represented below. .

Drug
p

« R ^_ Drug
p
-R

Drugp - R 4 Polymer > Drug
p

- R - Polymer

in vivo

Drugp- R -Polymer ^. Drug

Derivatizing agents useful for producing compositions of this

invention include substantially any non-toxic compound which will link the
active compound to the polymer. Polyfunctional organic compounds are

•useful for this purpose. Through the above-described reaction schemes, a
wide variety of biologically active compounds can be combined with
hydroxyalkyl starch to form controlled release formulations.

Specific examples of useful modifications to hydroxyalkyl starch

are listed below (HES indicates hydroxyethyl starch). For convenience, the
reaction involving only one or two hexose units of the hydroxyethyl starch

is indicated.
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These hydroxyethy] starch derivatives can be reacted withprote,ns such as the antivirai agent interferon, peptides such as theenkephaJms, and amino acids.

« -^rotz/rrth
hydr groups may be derivatized -

with the f„,, !.

gk Slab,e Ether grOUPS in accordanceUJth the IO,J°WJnS ^heme (HO-R represents the drug):

_ S C\ cr _r»/» OH

2 ?
u « _ C) . CH.-CH-CH,-OR

CH
2 -CH-CH ?-OR

/°\ EF-EtO OH

2
CH CH

?
0R ^HES-0-CH

2
-CH-CKrOR

and prednisdae and a" - « *~

O)
•
Hydrcyethyl s„rch can be „a!o£enatad ,o reacl in . „ide varj

4
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CH20H

C\ OH"
A. STARCH + CH

?
-CH-Br *

and
-O

^ - 0 J\DH H

OCH--CH-OH
Z

I

Br

H OCH-CH
?-OH

Br

6. HE.S 1

CH
?
OH CHBr CH.OH

H _ H''~°v H hJ--o
vh J-^O v K

HHr --^L If" N V
H N > \-Q-\Br H/L -OAOHH/1. -O-YH H )l

I f 1
f j V

H OCH^HpKK OOlfHfH^ CCH^B'

(«.) Drugs, having alky] halide functions, such as the antineoplastic
agents chlorambucil and cyclophosphamide

Cl CH
2 >r^\

Cl CH CH^ W
chlorambucil

N
/
— CH 9

\
2

N P
\ /

CH2

Cl CHgCH^ 0--CHg

cyclophosphamide

can react with hydroxyethyl starch directly by the following reaction:

(HES)-OH -+ Ci-(CH 2 ;a
— R

DMSO
DMSNo*
~50TC^ HES-0-(CH }n-F

t
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(5) Brominaied hydroxyethy] starch can be

- .cone f unctionai groups.
*^ **

Grignard reagent which in turn
" " 3 3

elher
HES -Br + Mg HES-MqBt

0

H ES — Mg Br + R- C- R'

R'
I

HE5-C- OH
i

R

The endocrine antagonist, aldosterone, is
wh,ch can participate in the above reaction.

an example ol a ketone

ho ^oh
0 ' C=o

(6)
0
II

a'doslerone

Drugs such as chJoramphenicoJ containing the - NH r r-u=„ . fMcttd directly wUh MTOyeihyi Ll
n- - c -« c,

jng

H ° OMSO
+

O
(HES)-OH + R-N.-c-CH

2 Cl5^V(HES)-OCH2
-C-NHR

group wh*7ZT M
'he'ei0,e

"* *°8 haV'"6 ««'*
.
UU5 l«, 4 . ^acetyl », « . diami„odiphenylsu„0„e).
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(7) Active compounds having carboxylic acid functjonal groups can be
converted to acyJ halides by reaction with thionyj chloride. For instance,

chlorambucil can react as follows:

C1CH2°\^V SOri
(CH

2
)
3 COOH —1_ >-0-<CH )L-COC1

C1CH
2
CH

2 C1CHXH?
V=/ 23

- AcyJ halides can, in turn, react with hydroxyethyJ starch
foJJows (E + CJ

2
represents J ,2-dichJoroethane):

as

o o

(HES)-OH t R - C-Cl —Li Cl? - fHlSl- 0 — C -R
pyridine
60°C

(8) Drugs having alkyj halide groups such as the antineoplastic agent
pipobroman can react to form isocyanates which can react with
hydroxyethyJ starch.

0 /—\ 0
Br CH CH-C- N N - C-CH9 CH Br

pipobromon

lHtS,.OH + R -K = C=0 __^_ (HES)_ 0
_fi_

NHR
60'C

(9)

manner:

Anhydrides can react with hydroxyethyJ starch in the following
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0 o

C R -^(HES)-0~C-R*<HES)-0-C-R'

Thus, drugs having carboxylic acid groups, such as vitamin A, canbe reacted with acetic anhydride to form a mixed anhydride which, in turn,
can be so reacted with hydroxyethyj starch.

«

(10) A wide variety of drugs have amine functiona, groups. Included in
.
thjs group are amphetamines and dopamine.

• f^N-CHgCHjNHjVHO'
OH

Dopamine

Hydroxyethyj starch can be partiaily oxidized to form aJdehydic compounds
which can react with such amine groups to lorm Shiff base compounds.

CH
20H

<HES)- 0H + H? cr0
4= V/rlP

°\ p
CH

?
OH Cr 0 2

0Cr0
a
H OOHO
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another useful oxidation reaction is:

• CHJDH
H J * O H

HES 4 HIO, .o-ThhX + HI0
3
+ H

2
0

c c

0

The reaction of aldehydic hydroxyethyl starch with an amine-containing
drug is represented as follows:

(HES)-C-H + H2N-DRUG HES - CH = N-DfUQ

Certain drugs can be derivatized to contain amine groups which can react
with aldehydic hydroxyethyl starch by this scheme.

The method of the present invention is particularly advantageous
for administering iron to a patient. The requirements of the body for iron
and its therapeutic and prophylactic uses are well documented. Iron salts
are generally not administered orally for therapeutic purposes becauses
they are poorly absorbed or because they sometimes cause disturbances in
the alimentary tract. Therefore, iron is preferably administered parenter-
al^, generally by intravenous injection. Solutions of iron salts are not
usually injected directly because they are toxic. A particular problem is

that acidic iron forms insoluble precipitates at physiological pH. To
overcome these problems, physiologically compatible iron complexes have
been, developed lor parenteral administration. Such complexes have
included saccharated iron, complexes of iron with dextrans or dextrins, and
complexes of iron with a water swellable polymer. Examples of the latter

•

in U.S. Patent 2,885,393, May 5, 1959, and
Canadian Patent 991 9544.

It has been found that the method of the present invention may be

of iron. Citric acid has a
stabilizing effect on the iron and prevents precipitate formation during the
reaction. The iron may be bound to the hydroxyaJkyl starch through a
citric acid derivative, but the exact structure of the iron-polymer
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salt, ,„ ferric ,„m . A„ lro„ 5aMi such as jerric cWo(ideand attic acid is combined w»h a„ aqua0lls so,wio„ o( hydr0lya,ky|^The so,u„on is advanla?eoiJ5ly clar
.

JieiJ and fH b
add„,o„ C aqueous ammoni a . Tbe resul,lng SOJu,io„ o,
starch compiex is purged <de-sa„ad, by a„y convenient menns, Such I
dialysis or ion exchange. The iron-hydroxya lkyi starch complex may bestored as a sterile solution, „, may be precipita,ed and s,„ed ,„ dfy^

The „on-hydroxyalkyl s1a(ch compou„ds o( thjs
ton m safe ei.eci.e concen,ra,ions. af)er relaase oi . ron
the remaining „ydroyvalkyl „ excfeie(J ^ ?

"—
compounds ca„ be continuously or repeated,, .dmin.stered over pro.onged
periods w„h ,ew „, n0 side eIIacts anribmab ,e ^ *

tio„ can :°
mbinS"°nS aCC<"di"," "ilh «*—•

ihven.
. on ca„ be adm,„, slar<!d ahher „allyi^ or
order 0, „ „ ^ ^ ^most appreciated during pare„,eta , a„d particu)arly durj

'
'

adm,„,st aIion. To ,be dr^pu,ymar combina)jo„ m>y fce^
rona, pharm.eeutic.1 excipients. For instance, ir,,ravenDUS

IT T'
ai
"

e,eC'r0,yttS PH~* «•"« » insure ,Phy- ogrca, conditions e, osmotic pressure a„d pH^ ^may aiso contain nutrients, sucb as^ and^^ ^
. her ec„,e compound, Ora, ,orm„,a,ions „ay contain
excipients, such as f,avoring agents and compmmds useful for suspe„din.«he drag poiymer combinarion in a ,i^d or compou„ds ,„ Jcombmafon into tablets or capsuie, Methods for ,ormu,a,ing drugs are

»1 dT"
P—i<°1 «. - *• P-n, hJL s JJimjted to particular formulations.

starch a H

h

K

S

',

deSCribCd hCrein n°Vel C°mbinatio- - Hydroxyalkyi
arch an b JogJCaJJy actiye compounds flnd a method ^ thejr

X

ranon Such combinations are characterized by a low long term persis-tence oi the hydroxyalkyl starch in the body and by controlled release *me actjye compound in vivo .

The inventjon |s further iJJustrated by the fo]
is not intended to be .limited thereby.
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EXAMPLE I

This Example demonstrates the preparation of an iron-

hydroxyethyl starch combination.

Hydroxyethyl starch (prepared by the procedure described in

Example II of U.S. Patent 3,523,938, and further acid hydroJyzed to a

molecular weight of 45,000), 80 g, was dissolved in water to yield 400 mi,

of a 20% w/v solution (Solution 1). Ferric chloride (FeCi
3

# 6H
2
0), 125 g,

was dissolved in water to yieJd 250 mi. of a 50% w/v solution (Solution II).

Solution I was heated to 60° C with stirring, and Solution II was heated to

40-60° C with stirring. Solution II was slowly added to Solution I with

stirring. After addition was complete, granular citric acid, 53.5 g, was

slowly added to the mixture "with stirring, and the resulting solution was
stirred at 60° C for an additional 20 minutes then allowed to cool to room
temperature. A 20% aqueous solution of NH^OH was prepared (Solution 111)

and slowly added with stirring to the iron-hydroxyethyl starch-citric acid

solution until the pH reached 10.4. The solution was then heated to 50° C
and stirred for 20 minutes, cooled to room temperature and filtered

through a 0.8 p filter. The solution was purified by overnight dialysis

against distilled water, and was concentrated /to 1100 ml. by vacuum
distillation. The iron-polymer combination was precipitated by combining
the concentrated solution with 8 liters of acetone. The resulting precipi-

tate was collected by filtration and washed several times with acetone.

The precipitate was dried at 80° C in vacuo , yielding 91 grams of dry

product having an iron content of 22.7 by weight.

EXAMPLE II

The product from Example 1 was used ior the preparation of an
injection solution. The dry product (50 g) was dissolved in warm (50° C)
sterile water (J 00 ml.) by adding the powder slowly to the warm water with

stirring. The solution was brought to J75 ml. by the addition of 1.58 g of

-Nad and sterile water. The solution was then filtered through a 0.22

y

filter and placed in 30 ml. vials. The vials were sterilized for 15 minutes
o

at 250 F and the solution had an iron concentration of 50.5 mg/ml.

EXAMPLE 111

The experiment of Example I was repeated in all essential details

except that following dialysis and concentration of the solution, the iVon-
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hydroxyethyl starch was precipitated in cold (5-10° C) acetone, the super-
natant discarded and the precipitate washed with one liter of 80% aqueous
acetone. The precipitate was allowed to resettle, the supernatant
d.scarded, and the procedure repeated. After the second wash, the
precipitate was redissolved in .00 ml. of a 0.7% w/v solution of citric acid
The PH was then adjusted to 8., with W NH^OH, and the solution was'
fluted to 600 m,. with water. The iron-hydroxyethyl starch was reprecipi-
tated and washed with two 1 liter allots of 80% acetone. The resulting
precipitate was then redissolved as above, reprecipitated, washed with
three Iner aliouots of ,00% acetone and collected by vacuum fixation.
The collected precipitate was washed with an additiona. , .iter of ,00%acetone during filtration and was dried as described in Example 1.

EXAMPLE IV

A dry preparation of iron-hydroxyethyl starch was prepared as

Jn J 00 mi, oi water

w„h s„rnng, and the resulting solution WM „„„„ ,„ „ cminutes then heated to 70° rwin •

ron. *
nUte5, The SO,ution was a^ed tocool to room temperature and the PH was adjusted from J .4 to 2.9 by

addition of 20% NH^OH. The resulting solution was then dialyzed againsrunning dist lied water overnicht tk. a- .

*™
er ove"»Eh l- The dralyzed solution was concentrated

1T7 T™*" " 80 """ 'he «*««—• was
coined w„h , 2„0 m). of a«I0I>c whjcb to<( been^ _2oC

,.!r Tn

dry ,hus causine p,ec")i,-,io" 01 -

pteci ,,:r:
an" ,he precip"8tt ~ "'"^ »>«— «.Ptec ^washed — met o. acetone in the ptoces, Theprecipitate u-as then dried in a vacuum oven *t «jn° r

•9,8 g of dry product.
C °VernJ8hl t0 yie,d

EXAMPLE V
The experiment of Example , was repeated in all essential detailsexcept that the hydroxyethyl starch starting materia, was subjected to acidhydrolysis to a molecular weight of ,0,000. The solution wis purified by
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uJtrafiltration through a J 000 molecular weight cut off filter to remove

free ions. The dialysis step was excluded from the procedure. The

experiment yielded 80 g of dry product containing 25.<J% iron by weight.

EXAMPLE VI

This example describes the preparation of a hydroxyethyl starch-

insulin combination in accordance with the present invention.

Hydroxyethyl starch (1 g) in 25 mJ. of water is added to a well stirred

mixture of CNBr (200 mg) in 100 ml. of water. The pH is maintained at 1

1

by the addition of 2N NaOH. The activation reaction is continued for 10

minutes and 20 mg of insulin in 20 ml. of J M sodium bicarbonate are then

rapidly added, lowering the pH. The solution is then stirred overnight in an

ultrafiltration ceil equipped with an appropriate membrane. The solution is.

then concentrated and washed with 6 Molai guanidine hydrochloride. When
no further free insulin is .detected migrating through the membrane, the

composition is thoroughly washed with water and concentrated to a final

volume of 60-80 ml. The experiment should yield a hydroxyethyl starch-

insulin combination useful for the controlled release administration of

insulin. - -

• *

EXAMPLE VII

The experiment of Example VI is repeated in all essential details,

except a mixture of amino acids is substituted for insulin. The experiment

should yield a hydroxyethyl starch-amino acids combination useful for the

controlled release administration of amino acids.

EXAMPLE VIII

The experiment of Example VII is repeated in all essential details

except enkephalin (peptide) is substituted for insulin. The experiment

should yield a hydroxyethyl starch-enkephalin combination useful for the

controlled release administration of enkephalin.

EXAMPLE IX

The experiment of Example 1 is repeated in all essential details

except hydroxypropyl starch is substituted for hydroxyethyl starch. The

experiment should yield an iron-hydroxyprbpyj starch combination.
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CLAIMS

i. A composition of matter for the controlledrelease administration of a biologicallv ar +wj.uxogicaj.X> actxve compoundan animal, comprising a combination of said
to a

5 biologically active compound and hydroxyalkyl starch.

biolo,-
CO"P°*iti"' °f

1. "-rein the

through a chemical bond.

3. The compostiion of claim 1 or 2 wher.-ir, +„
10 biologically active corapouild ±. a drug<

*' ^
4. The composition of claim 1 or 2, whereir,nydroxyalky! starch ± . hydroxyethyl^ ' ~» *>•

5. The composition of claim 1 or- o >.

biological

1

V
l or 2, wherein theo-oaogically active compound is iron .

15

act -

6
*

A f6r ad^ Stering a biologicallyactive compound to «« -, .
6 iiy

fn 14 ,

P OM animal ln a controlled releaseformulation, which comprises administering to saidanimal a combination of such biologically active
component and hydroxyalkyl starch i» .

on 0 „„ ,

search in a pharmaceutical^
20 acceptable dosage form. -

7

7. The method of claim 6, wherein the
biologically active compound is bonded to the
hydroxyalkyl starch through a chemical bond.

2S bin! • •

^ Meth0d
°
f Claim 6 °r 7

'
Wherein ^e

25 biologically active compound is a drug.
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9. The method of claim 6 or 7, wherein the
hydroxyalkyl starch is hydroxyethyl starch.

• *

10. The method of claim 6 or 7, wherein the
5 biologically active compound is iron.
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